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a b s t r a c t

In this work, a benchmark for low-power digital applications of a III-V TFET technology platform against a
conventional CMOS FinFET technology node is proposed. The analysis focuses on full-adder circuits,
which are commonly identified as representative of the digital logic environment. 28T and 24T topolo-
gies, implemented in complementary-logic and transmission-gate logic, respectively, are investigated.
Transient simulations are performed with a purpose-built test-bench on each single-bit full adder solu-
tion. The extracted delays and energy characteristics are post-processed and translated into figures-of-
merit for multi-bit ripple-carry-adders. Trends related to the different full-adder implementations (for
the same device technology platform) and to the different technology platforms (for the same full-
adder topology) are presented and discussed.

� 2016 Elsevier Ltd. All rights reserved.

1. Introduction

The sub-threshold swing (SS) represents the key device param-
eter to improve the energy efficiency of digital circuits. Among var-
ious device proposals for future low power applications, the tunnel
field-effect-transistor (TFET) beat the conventional MOSFET and is
considered as promising solution to achieve sub-60 mV/dec opera-
tion at 300 K in standard CMOS compatible processes [1–13].
Therefore, many efforts are being devoted to the fabrication of
TFETs with high performance electrical characteristics [1–5]. In
this context, full-quantum simulators [6–8] are widely used as
modeling tools to guide the design of such innovative devices,
whereas mixed device/circuit simulations are exploited for early
analysis at circuit level [9–13]. A virtual III-V TFET technology plat-
form has been recently proposed by Baravelli et al. based on 3D
full-quantum simulations [7,8]. An early benchmark against a
future CMOS FinFET platform [14,15], based on single device and
inverter operation, has been shown [8]. In particular, since the full
quantum modeling approach used in [8] does not allow to perform
circuit simulations, the inverter operation and the related figures-
of-merit (e.g. voltage transfer characteristics - VTC -, VOUT/VIN gain,
intrinsic rise and fall times, etc.) have been estimated (i.e. consid-
ering the device drain current characteristics and assuming equiv-

alent effective capacitive loads instead of the intrinsic device
capacitance characteristics).

The purpose of the present paper is to extend such a bench-
mark, by considering various 24T and 28T full-adders (FA) blocks
as vehicle circuits. Figures-of-merit such as delay and average
energy per cycle are extracted and discussed for both TFET and
CMOS FinFET implementations. The present paper is an extended
version of the work presented at EUROSOI-ULIS 2016 Conference
[13], where only preliminary results on the standard 28T full-
adder topology were discussed.

2. Simulation methodology

Fig. 1 sketches the device structures considered in this work,
which are: (1) the complementary square cross-section InAs/
AlGaSb TFET nanowires proposed in [8]; (2) the 10-nm node CMOS
FinFETs described in [14].

Our analysis uses a multi-scale simulation approach, ranging
from device simulations to circuit simulations. As regards the
TFETs, the TCAD simulator Sentaurus SDEVICE [16] has been cali-
brated to reproduce the full-quantum simulation of the AlGaSb/
InAs hetero-structure [7,8]. At the circuit level, the look-up table
(LUT) compact models implemented in Verilog-A enabled time-
efficient simulations. As regards the CMOS FinFETs, we used the
Predictive-Technology-Models of Multi-Gate transistors (PTM-
MG) projected to the 10-nm node available at [15].
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2.1. Devices and calibration of TFET models

The III-V TFET technology platform consists of n-type and
p-type AlGaSb/InAs TFET nanowires. Due to quantum confinement
in the 7 � 7 nm2 square cross-section of the nanowire, the default
setup of the TCAD model parameters is not adequate. Thus, the
energy-gap (EG) and the electron affinity (v) have been chosen so
as to reproduce the same band alignment as in [7]. The dynamic
nonlocal-path Band-to-Band Tunneling (BtBT) model parameters
for the direct tunneling process (Apath,dir and Bpath,dir, see [16]) were
also recalculated by using the effective masses from bulk GaSb and
InAs [17]. Finally, the effective valence and conduction band den-
sity of states (NV and NC) have been increased compared to the
default value for bulk crystals to improve the matching of the I-V
curves between TCAD and full-quantum results. The calibrated
parameters are summarized in Table 1.

Fig. 2 shows the ID-VGS transfer-characteristics of p-type and n-
type TFET and FinFET devices. For reference, the TFET ID-VGS

obtained from full-quantum simulations [8] are also included
(symbols). For the same off-current (IOFF) of 35 pA, the pTFET fea-
tures a lower on-current (about 1/4) than the nTFET at VDD = 400 -
mV. Despite this asymmetry, we keep a 1/1 ratio between the size
of the nTFETs and pTFETs in the following circuit analysis. Differ-
ently from TFETs, the ID-VGS of the n-type and p-type FinFETs
(red lines) are essentially symmetric.

Fig. 3 reports the output characteristics ID-VDS at VGS = 350 mV
for all the considered devices. The TFETs feature a delayed turn-
on behavior (superliner ID-VDS [18]), but also a better saturation
than FinFETs at |VDS| above 300 mV.

2.2. Circuit simulations

TFETs have uni-directional IDS-VDS characteristics and thus
source and drain terminals cannot be exchanged as in conventional
MOSFETs. The source is thus marked in the TFET symbol, see
Fig. 4a. For circuit simulations we employ a Verilog-A model
(sketched in Fig. 4b) implemented within the Cadence environ-
ment. LUTs including the drain current ID, the gate-to-source
capacitance Cgs and the gate-to-drain capacitance Cgd were set up

Fig. 1. n- and p-type TFET and FinFET (CMOS) device architectures. The red and
blue colors indicate the n- and p-doping types, respectively (green: intrinsic
semiconductor, transparent-grey: oxide). TFET dimensions are: LG = 20 nm, nano-
wire cross section (LS) = 7 nm, EOT = 1 nm. FinFET dimensions are: LG = 14 nm,
tfin = 9 nm, hfin = 21 nm, EOT = 0.7 nm. (For interpretation of the references to color
in this figure legend, the reader is referred to the web version of this article.)

Table 1
Calibrated parameters used in the TCAD simulations of the AlGaSb/InAs TFET
templates.

Parameter Al0.05Ga0.95Sb InAs

Band-gap parameters (including quantization effects)
Energy gap EG (eV) 1.04 0.59
Electron affinity v (eV) 4.01 4.9

Dynamic non-local BtBT model parameters
Apath (cm�3s�1) 1.51 � 1020 1.44 � 1020
Bpath (V/cm) 9.54 � 106 2.94 � 106

Effective conduction and valence band density of states
NC (cm�3) 1.26 � 1018 5.22 � 1017
NV (cm�3) 1.8 � 1019 6.6 � 1018
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Fig. 2. Transfer-characteristics (ID-VGS) at |VDS| = 400 mV for the transistors simu-
lated in this work. Off-currents are matched at 35 pA at |VDS| = 400 mV and |VGS|
= 0 V.
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Fig. 3. Output-characteristics (ID-VDS) at |VGS| = 350 mV for the transistors simu-
lated in this work.

Look-Up Tables:
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Fig. 4. (a) n-type and p-type TFET symbols definition. (b) Sketch of the Verilog-A
model based on the look-up tables with the values of ID, Cgs and Cgd as a function of
VDS and VGS.
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